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TEE Physlcs 2001 SO|ut|ons
SECTlON A

1. a) Always- attematmg
Transformers can only produce an output if there isa changmg ﬂux in thi
primary coil. ThiS is achleved by an alternatlng input.

© 2. a) Stable equlhbnum ~
If a person is balancing on one leg the centre of mass must lie above the base :
and ZIACM = ZCM. When standing on.one foot, a persons centre of mass will .
lie above the area of their foot. A non zero, dlsplacement is needed to cause
the person to topple : :

3. Beats are heard when two notes of sllghtly different frequenc:es are played at
. the same time. Beats are a result of interference, where the two separate

- waves are altemnately in and out of phase. For example two tuning forks of
' sllghtly dlfferent prong masses: vrbratmg at the same tlme
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Slope of bane graph 017X 1011 Pa (Young's modulus of bone from the

. “data sheet). On the scale given it will be a straight Ilne across the whole area N—

shown passing just below point (5,1)

"5, The counterweight on the left of the jib gives an anticlockwise torque that '
- counteracts the clockwise torque of the load. This weight must be large.to
: balance the large clockwuse torque produced when the Ioad is far to the right.

6. 77.5 dB represents an mtensrty of 107 x 10"2= 105 = 562 x- 105 wm?
' Assuming 20 violins, the total lntensrty will be 20 x 5.62 x 10°= -
1.125'x 10° wm®
New sound level = 10 log [1. 125 X 103/10 ‘2} 90. 5 d8

T Yes the ISS i is always affected by the Earth's grawtatlonal pull according to
Newton's Law. F = Gmym/r”.
Thrs force is responsnble forithe: centnpetal acceteratron of the ISS.

<




8. Estumate the radius of a basketball hoop to be 20 e, Area ~ 1:(0 22) ~0.04r
- ®=BA= 50x 1o*’xo 1257 6x10°Wb

- 9. Estimate a frequen sx of 100 MHz (typncal for an FM statlon)
E=hF=663x10*x100x10%
~663x102J~4x107eV ' -
- [The order of magnitude would be dlfferent if you chose to use a fi gure typlcalg .
- for an AM station. You could also choose to select a frequency from the data .
o sheet] v

\‘

AR (slow) T 'wATER (fast)

“The relative speed in each medium determmes whether and how much the
sound wrli refract '

11 Estlmateamassforme eagle of 5 kg .
‘Centripetal force + grawtatlonal pull = mvzlr +mg =
HRR =5x24°+5x88~80N -

12,

L3 Dtrectton of travel must be tangential to the magnetic field line.
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14, To minimise power loss it is transmitted at high voltages ot
As P'= V1, the higher the voltage, the lower the current for a eonstant
amount of power transmitted. Power dissipated as heat due to the -
resistance of the transmission lines depends on the square of the current
(p = 12 R) so the fower the current the less the power dissipated as heat, for‘ T
the same quantrty of power transmrtted e

14 The surface speed of the Earth is greatest at the equator as the effective :
radius of rotation is greatest (v = 2nrrit). The surface, itself; is. acceleratmg
‘downwards at a rate of v?/r (centripetal) in the same direction as.g, Whlch
makes the apparent acceteratlon of object at the- equator Iess o
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(ii)

(i)

(i)

Minimum energy =513¢eV

The amrow represents an electron falling from a higher to alower - .
‘quantum energy state. Thrs transition resu}ts inthe emrssron of a- -
photon. .

.\Electron transitions are from -3, 026 and -3.028-eV to the ground ‘

state.(-5:130 eV). Each of these transmons produces photons
wrth a slightly different wavelength. B

X=hc= . 663x10%¥x3x10°  ~6x107m -
Booon ' 2103x16x10"5 S

A'lower energy will glve a longer wavelength photon asE« ),
Any transition tess than 21 eV will givea tonger wavelength

The spectrum of a star consrsts of discrete patterns of Iines
that are emitted when the atoms of particular elements are de-

. excited. By matching these patterns to the emission spectra of
~ known elements th‘e elements on the star can be identified.

. One benefit: Ultraviolet radiation causes photosynthesis to ocour s

in plants on-Earth.

Principle: The energy. contalned inauv photon is large enough- - -
‘to cause CO to react with water in a plant to produce starch )
i [Other possrbte answers are acceptable] o

~Lasers contain an etemental gas that is excrted to emit photon
- wavelengths which are oharacterrstlc of that etement

Benefit: X-ray photography can be: used to produce i rmages of:
broken bones or other internal faults with the body.
Principle: X-ray photons have very “high - energy and -can’

! penetrate ‘'solid objects such as bone. Bone absorbs X—rays toa




~ " Principle; - X-ray photons have very . hlgh energy and t:an
. penetrate solid- obyects Metal absorbs X-rays {0 a greater extent.

)
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greater exteni than flesh and henoe allow Iess expcsure inan x.t ,ftﬂ )

: ray photograph

Street discharge Iamps oontaun ohe of more gases Each s ~
gas gives a discrete set of photon energies which .show up as

_lines in‘a dispersed spectrum. The apparent colour, of the' lamp

*» ‘depends on the partlcular set of photon energies produced by -
the Iamp White light is'a mlxture of all colours Ji :

'Beneﬁt X-ray photography can be used to produoe |mages of.

cracks or defects within-metal parts:

thanacrackordefectandhenoethedefectsshOWUpasgreaterf L

)

NoEs ,
_ Vertically: s = ut + at? = 0,35 = 1,440t - 49t2
Solving fort: “time of flight t = 0. 4528 -

(i

' exposure in an X—ray photograph e

(ﬂ) \Mth mr
: reslstanoe S
- R (1) W‘rthout

/a"m ance

*-is moving and always opposes velacity. Under air

Ai resistance i isa drag force that'acts on the ball whrle It B

resistance the baII will hit the ground earller and fall'

) shorter

. There will be 1o time when the acceleration of the ballis

gravitational force is acting on it at alf times which
aconstant acceleratlon towards the Earth :

Wy = 553|n15-1440ms
up = 55cos15 5498 ms™

Honzontal dlstance traveﬂed s.. uh xt 54 98 x 0 452
. = 24 8 m o

, As \r2 is dnrectly proportlonal toTa graph of v versus Twul be a. .

straight line whlch is easler to draw (best ﬁt) and process 2

o u unrts are foroe umtsl velocrty2 umts mass xaceeteratlon unlts\‘ B

(ms Y
=kgme? =kgm’
mes L

3




(b).'-.,smpe (________) =222
(210-75) :
‘*Slope vzrr 1Ipsou—1ls|ope 45x10<“kgm

@ Waveveloaty f -/ 125 "'5-—167ms-,‘ o
R 45x1o :
R ,iWavelength - 2x.0.76 '152 S :

"“frequemy 'y =167 =110Hz
T S -

(y)g, @ 3
- 2nd overtone s

4 ,~(ii),‘ The transverse wave moving along the strmg causes it to wbrate ‘\J e

atright angles to the wave velocity. The string may alternatively .
- -compress:and rarefy the air it is in contact-with, ‘These pressure -
. ‘waves travel out in all dlrectlons from the stnng as Iong:tudmal ,
8 vnbratmns ‘

B (- R The durectton of the force is upwards because the torqueproduoed by
- the waight of the trailer about the axle is anticlockwise. This means that
- the force acting on the tow bar is downwards, so an aquai and oppamte
: ,force must act upmrds onthe ball hltch R .

z Clockw«se torques Z Antlclockwase torques

g -'Tak«hg torques about the ax!e and guessmg that th is upwards

. F..Mx23+me12 F.,,,.x05
Fm 650x98x05 72x98x12

oo 23 R
Fm- 1020N (posttweso upwards' is correct)

(c)A The force F on the ball hltch isa Iarge dlstance r from the p|vot =
, thus ‘creating a large torque since v =rF sind. The boat's centre of * -
© 7 mass i8'much closer to the pivot and so: the force: needed al the hitch is - ‘
- much smaller than the boat's mass to exen thesame balancmg torque . : -
" -and produee equlhbnum ' : :




(b) Slope'= (45000 - 15000) = 2222
N (10 5) ‘
" Slope = =T = 1Ipsop—1lsiope 45x10"’kgm

@ Wavevelocctyﬁ ( 125 -167ms
o 45x 1o° , o
"~ Wavelength = 2x076 =1,52 R

: frequency = y -167-110Hz
S TN 152

@0

: Zhdov'ertone‘

i), - The transverse wave moving along the stﬂng causes it to vnbrate -
at right angles to the wave velocity. The string may alternatively . . -
. -‘eompress and rafefy the air it is in contact with. These pressure = -
. waves travel out in au durecuona from the stmaas tongstudmal ,
; ‘ vubrauons

4. (a) - The leSChOﬂ of the force'is upwards bewuse the torque preducad by

S - the weight of the trailer about the axie is anticlockwise. This means that

- 'the force acting o the tow bar is downwards so an equal andopmsﬁe
- forcé must act upwardsonmeball hltch ;

Iz Clociomse torques 5 Anhcloclqmse torques

i ‘Takahg torques about the ax!e and guessmg lhat th is upwards

me23+me12 me05

qu\—650x98x05 72x98x12
B2 RN ‘

Fm = 1020N (posmve 80, upwards is oorrect)

(c)A The force F on the bau hltGh is a large. dlstanoe r, from the pwot
‘thus creating a large torque since T =-r F sind. The boat's centreof ~ . -
Ao mass is:much closer to the pivot and so the force needed at the hitch'is -
ST much smaller tharthe boat's mass to exert thasame balancmg torque . |
T ~ .and produce equnhbnum ‘ L
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G '(c)B n each case theweight is: about the same Whentheperson ig
. supported on their'toes, their arms are about twice as far from'the pivot
- .astheir centre of mass. Their arms would needto supply a force about -
" ~half of their werght When they are- supported 'on their knees; their arms -
L -are about three times as far from the pivot as their centre of mass.
*- Their.arms would therefore only have to supply a force about one thlrd

o of their werght _
5 - (a) - g GM = 667x10'“x111x102‘
SRR (38£5>(ﬁ"'2
'.;—0497ms’2 : - L I
=6m- -667x1o"x199x103° --=’7‘:‘_74,xf10“'.r'ris"j’y,“
\ = m e (4.14x107)7 7
N Wi : -
- H{e). Ta= vzlrsov ‘J(ar) «l(774x1o x414x10)
: . v “179x10 ms
gy Estimateradlus ofwrre 005rnm (5x10‘5m)
f,é'ﬁ-.‘—.;f,ﬂ = iSxooderx2
ST AYY m(0.05x 1079 x 1. 16x1o“
: *17mm~‘ _
.6 (@) F=IIB = 1om=1x10%m
s ‘ -56x1x10’2x045 00252N
' EIrN 2= (0. 0252)(0 225)(0 os)(420)(2)
=286 Nm
e ey
&, Position 1 - maxrmum torque : Posmon3 mlnlmum torque

e 7. "(a) - Magnetic fi eld is vertlcaﬂy downwards at the North pole
SRR The Earth's geographrc north pole is Irkea magnetrc south
seeking pole. .
= Maximum emf occurs at the: bottom of the gld's swrng
.- - At this point the seat will be cutting the vertical component of the
- = field at right angtes (maximum angle) and will also be movmg at
S e the fastest speed (Emfis proporlronal to the rate. of flux cut)
.0 (c) 'GraphAismostlikely. .
TR The emfmustreverse as the svwng reverses its drrectlon of
. cutting fiux-each swing (must be A or B). The change ofﬂux
S -muldb_ea smooth, curved function and: nut an |mmed|ate i
coe ;change; fsc cannot be B.




] SECTiON c

@
© - - Momentum of an impact is requir catter-an electron so'the
- radigtion must have momentum wh!eh g usually assocnated

)

o ‘ (ii'i)_' Lowest energy means targest value of wavelength A

G I

- yf»:(,e&)_’ B

Electron momentum
;Photon ;

M

f-;:(i‘i)‘;, 110keV 110x1o3x16x1(r‘9.1-176x1o"‘J

Enefgyef scattered photon is: \' .
CE=hRe s 159x10”4J

‘ Therefore the energyof the. scaﬂered electron must be:

, Newton ) Law states that a change of momentum is: caused by

- aforce. Since the scattering. causes a change 'of momentum of

. “the phatons, the-sail must exert a force-on'the photons asthey .
.. are reflected. The photons must therefore exert 2 reactlon foree

Compton scatterlng demonstrates the part(cle natura of radtatton. :

with pamcles

A= hcandp hsubstﬂuﬂngforA ;p—h_Er o

S = 587x 1023kgms

so (1 - cos6) must take its largest value
6 cosd must be -1, 30-6 must be 180°

A+h(1 cose) hc+h(1 “cos60) -
me - ; ﬁE_mc, , L

-113x1o"‘+121x1rr"
o\ ,-125x10’" (.

AI N e : 1;{ v ?}3(,

176x10’4 159x1o“J -171x1o 5J

onthesai. . Fowe.
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(b)

(©)

Maghetic moment is a vector .
Magnetic moments have size and direction.
Magnetic moments can add to zero.

You would not expect to have a constant frequency S

The sizes of the: magnetic domains are differerit and they flipat
random. The graph in Figure 13 shows the random time mtervale .
between sach event.

'Buzzmgsoundnsanmse e
" The-graph shows no pattem in the time intervals between pulses. e

e f Random pu}ses would constitute n0|se rather than a note.

e
. For example

The dlagram should show all the magnetnc domains aligned inthe -
same direction which will be opposnte to the |mposed field dlrectlon






